The sequence data have been deposited in the European Nucleotide Archive under BioProject accession number PRJEB24042.

Introduction {#sec001}
============

*Staphylococcus aureus* is an opportunistic pathogen that is carried by approximately 30--50% of the human population worldwide \[[@pone.0232456.ref001]\]. The anterior nares are the primary niche for *S*. *aureus*, although the throat and perineum are also important reservoirs \[[@pone.0232456.ref001]\]. Individuals can be assigned into persistent carriers (\~20%), intermittent carriers (\~30%), and non-carriers (\~50%), while it has been argued that there are only two types of nasal carriers: persistent carriers and others \[[@pone.0232456.ref002],[@pone.0232456.ref003]\]. Persistent nasal carriers often harbor *S*. *aureus* at higher loads and for longer periods and have an increased risk of *S*. *aureus* infection than intermittent carriers or non-carriers \[[@pone.0232456.ref002]--[@pone.0232456.ref004]\]. *S*. *aureus* carriage is highly dependent on the composition of the prevailing nasal bacterial community, which may reflect antagonistic or mutualistic interspecies interactions \[[@pone.0232456.ref005]\]. For example, the anterior nares are known to harbor bacterial species that may secrete various anti-*S*. *aureus* compounds, such as the serine protease Esp produced by *Staphylococcus epidermidis* and lugdunin, a novel thiazolidine-containing cyclic peptide antibiotic produced by *Staphylococcus lugdunensis* \[[@pone.0232456.ref006],[@pone.0232456.ref007]\].

The increasing spread of methicillin-resistant *S*. *aureus* (MRSA) in healthcare settings, the community, and in food animals represents a serious challenge to global health, as these strains are resistant to a broad spectrum of clinically important β-lactam antibiotics, such as penicillins, most cephalosporins, and carbapenems \[[@pone.0232456.ref008]\]. In Europe, the pig industry constitutes an expanding reservoir for livestock-associated MRSA clonal complex 398 (LA-MRSA CC398) \[[@pone.0232456.ref009]\]. The prevalence of nasal carriage can be very high (\>85%) among people who work on pig farms that are positive for LA-MRSA CC398 \[[@pone.0232456.ref010],[@pone.0232456.ref011]\], whereas it remains relatively low in the general population (e.g., 0.2% in the German general population) \[[@pone.0232456.ref012]\]. Nonetheless, one-third of all LA-MRSA CC398 infections occur in people people with no livestock contact \[[@pone.0232456.ref013]\]. Furthermore, a longitudinal study from Germany showed that pig farm workers may carry LA-MRSA CC398 for extensive periods outside the farm environment, sometimes for several weeks, although it should be noted that the study design did not allow the investigators to evaluate changes in bacterial load over time \[[@pone.0232456.ref014]\]. As a consequence, this clone is now an important cause of mainly skin infections among farmers and their families but has also been associated with bacteremia and deaths among elderly and immunocompromised individuals living in the same areas \[[@pone.0232456.ref013],[@pone.0232456.ref015]--[@pone.0232456.ref017]\]. In contrast, a recent study from Denmark showed that LA-MRSA CC398 is eliminated in a matter of hours in volunteers following brief exposure (1 h) to a positive pig farm \[[@pone.0232456.ref018]\].

Along with the risk of *S*. *aureus* infection, people exposed to the pig farm environment may also transport LA-MRSA CC398 to other animals and farms as well as to their households and the general population. In addition, it seems reasonable to assume that the nasal environment of these persons may also serve as a hub for the spread of other bacteria present in the pig farm environment. In this study, we sought to determine the composition and temporal dynamics of the nasal microbiome in people during and after long- and short-term exposure to LA-MRSA CC398-positive pig farms.

Materials and methods {#sec002}
=====================

Ethical statement {#sec003}
-----------------

The use of data and nasal swabs from pig farm workers and volunteers was approved by the Danish Data Protection Agency (protocol no. 2001-14-0021) and the National Committee on Health Research Ethics (protocol no. H-15013814), respectively, which waived the need for informed consent from pig farm workers, whereas volunteers were asked to provide written informed consent data to participate in the study.

*S*. *aureus* and MRSA carriage in pig farm workers {#sec004}
---------------------------------------------------

Participants were recruited among pig farm workers on four pig farms ([Table 1](#pone.0232456.t001){ref-type="table"}) that were found positive for LA-MRSA CC398 in a survey conducted in 2014 \[[@pone.0232456.ref019]\]. A total of 16 pig farm workers, four from each farm, volunteered to participate in the study, which took place in July and October 2016 ([Table 2](#pone.0232456.t002){ref-type="table"}). Participants were trained to collect nasal swabs by rotating a sterile FLOQSwab (ESwab Liquid Amies Collection and Transport System, Copan, Brescia, Italy) five times in both anterior nares. Swabs were collected twice daily over an entire workweek from Monday morning to the following Monday morning. The first swab was collected in the morning (i.e., before going to work) while the second was collected in the afternoon (i.e., at the end of a workday). The sampling moments for each pig farm worker are visualized in [S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}.

10.1371/journal.pone.0232456.t001

###### Pig farms included in this study.

![](pone.0232456.t001){#pone.0232456.t001g}

  Pig farm              Participants   No. of sows   No. of weaners   No. of finishers
  --------------------- -------------- ------------- ---------------- ------------------
  Pig farm workers                                                    
  A                     1--4           1,000         1,300            0
  B                     5--8           800           3,000            200
  C                     9--12          650           2,300            5,740
  D                     13--16         885           3,304            2,400
  Volunteers and pigs                                                 
  E                     8 volunteers   0             2,400            450
  4 pigs                                                              

10.1371/journal.pone.0232456.t002

###### Study population.

![](pone.0232456.t002){#pone.0232456.t002g}

  Study population   No.             Gender          Median age, years (range)   Health status        Antibiotic therapy   Use of face mask
  ------------------ --------------- --------------- --------------------------- -------------------- -------------------- ------------------
  Pig farm workers   16              2 women         32.5 (21--54)               Healthy (*n* = 16)   No (*n* = 16)        No (*n* = 16)
  14 men             Yes (*n* = 0)   Yes (*n* = 0)                                                                         
  Volunteers         8               7 women         25.5 (22--44)               Healthy (*n* = 8)    No (*n* = 8)         No (*n* = 8)
  1 man              Yes (*n* = 0)   Yes (*n* = 0)                                                                         

Swabs were stored in 1 ml of liquid Amies medium at 4°C and transported to the laboratory within 12 hours of sample collection by a member of the study group. Questionnaire responses were collected at the end of the study period. Each participant reported demographic information, medical history, and occupational activities (e.g., gender, age, health status, antibiotic therapy, daily workhours, and use of face masks). For each nasal swab, an 100-μl aliquot of liquid Amies medium was used to make 10-fold dilutions in 0.1% Triton X-100 (Sigma-Aldrich, St. Louis, USA), of which 100 μl were pipetted directly onto SaSelect (Bio-Rad, Hercules, CA, USA) and Brilliance MRSA 2 (Oxoid, Basingstoke, United Kingdom) agar plates using a sterile spreader. Plates were incubated at 35°C for 24 hours and the number of CFUs were counted. If there was no growth on either plate after 24 hours, 100 μl of liquid Amies medium was inoculated into 5 ml of Mueller-Hinton broth (Oxoid, Basingstoke, United Kingdom) supplemented with 6.5% NaCl and incubated overnight at 35°C. The enrichment broth was then streaked onto SaSelect and Brilliance MRSA 2 agar plates followed by incubation at 35°C for 24 hours. From each sample, at least one presumptive *S*. *aureus* colony from each plate was archived at -80°C in ox broth supplemented with 15% glycerol (SSI Diagnostica, Hillerød, Denmark). DNA was extracted by boiling 2--3 fresh colonies from an overnight blood agar plate culture in 200 μl sterile water for 5 minutes, followed by centrifugation at 4,500 rpm at 4°C for 5 min. A multiplex PCR assay was employed to detect the *S*. *aureus*-specific *spa* gene, the CC398-specific *sau1-hsdS1* variant, as well as the *mecA*, *mecC*, *scn*, and *lukF-PV* genes \[[@pone.0232456.ref020]\].

Variables were compared between groups using Fisher's exact test for categorical data, while Wilcoxon matched-pairs signed rank test was used to evaluate differences in MRSA counts in nasal swabs collected from the same individual (GraphPad Prism software, version 5, GraphPad, La Jolla, California). The significance level was set at α = 0.05.

Microbiome analysis {#sec005}
-------------------

For each of the 16 pig farm workers, we characterized the microbiota in a subset of four nasal swabs collected in the morning (*n* = 3) or in the afternoon (*n* = 1), resulting in a total number of 64 samples. The sampling moments for each pig farm worker are visualized in [S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}. For comparative purposes, we also analyzed nasal swabs from another study, which investigated *S*. *aureus* and MRSA carriage in volunteers visiting another LA-MRSA CC398-positive pig farm ([Table 1](#pone.0232456.t001){ref-type="table"}) twice for one hour in 2016 (visit 1 and 2) \[[@pone.0232456.ref018]\]. From that study, we included samples collected from eight volunteers two hours before, immediately after, and 48 hours after each visit, resulting in a total number of 48 samples ([Table 2](#pone.0232456.t002){ref-type="table"}). None of the included volunteers had contact to animal farms prior to or during the study period. In addition, we also included four nasal and four skin swabs collected from four individual pigs during the first visit \[[@pone.0232456.ref018]\]. Nasal swabs from volunteers were collected in the same way as for pig farm workers by rotating a sterile FLOQSwab (ESwab Liquid Amies Collection and Transport System, Copan, Brescia, Italy) five times in both anterior nares. All swabs were stored in liquid Amies medium at -80°C before DNA extraction.

DNA was isolated from the samples using the FastDNA SPIN Kit (Qbiogene, Carlsbad, CA, USA) according to the manufacturer's instructions. The V3-V4 variable region of the 16S rRNA gene was amplified and sequenced using a previously described protocol \[[@pone.0232456.ref021]\]. The sequence data have been deposited in the European Nucleotide Archive under BioProject accession number PRJEB24042.

Raw sequence reads were processed and de-replicated using the "BION-meta" package (Danish Genome Institute, Denmark). In brief, pairs from the raw sequence reads were extracted using the given primer sets with both mates present. The extracted pairs were quality-trimmed with the minimum quality filter set at 99% for at least 14 of 15 bases for forward reads and at least 28 of 30 bases for reverse reads. The low-complexity filter was set to a minimum of 50 reads. Pair mates were joined into single sequences if there were overlaps of at least 18 bases with at least 90% similarity. Both overlapping and non-overlapping pairs were used for de-replication by converting identical pairs into one.

The joined paired-end reads were analyzed with a custom and streamlined workflow platform called Microbiome Helper version 1.0.1 \[[@pone.0232456.ref022]\]. Chimeric sequences were removed with VSEARCH \[[@pone.0232456.ref023]\] using the script '*chimera_filter*.*pl'*. Reads were clustered into operational taxonomic units (OTUs) at 97% sequence similarity using QIIME wrapper scripts \[[@pone.0232456.ref024]\]. The open-reference OTU picking script '*pick_open_reference_otus*.*py'* was used in combination with the program SortMeRNA \[[@pone.0232456.ref025]\] for reference picking and with the program SUMACLUST \[[@pone.0232456.ref026]\] for *de novo* OTU picking, with the subsampling percentage set at 10%. Low-confidence OTUs called by \<0.1% of the reads were removed using the script '*remove_low_confidence_otus*.*py'*. The script '*single_rarefaction*.*py'* was used to rarefy the OTU table to a depth of 3,130 reads per sample, which was the smallest number of reads within the sample set.

Community state types (CSTs) were identified through hierarchical clustering of samples using the "vegan" package version 2.4.4 \[[@pone.0232456.ref027]\] in R version 3.3.3 \[[@pone.0232456.ref028]\] with Bray-Curtis dissimilarities and Ward's linkage method. Hierarchical clustering of OTUs was performed with Euclidean distances using R version 3.3.3 \[[@pone.0232456.ref028]\]. We used the "gplots" package version 3.0.1 \[[@pone.0232456.ref029]\] to generate a heatmap of a subset of the most abundant (≥1% of each community) OTUs within each CST.

We calculated the within-sample alpha-diversity, measured by the Shannon diversity index, and compared Shannon diversity indices between groups with the QIIME workflow '*alpha_rarefaction*.*py'* using default settings.

Results and discussion {#sec006}
======================

Prevalence and survival of *S*. *aureus* and MRSA in pig farm workers {#sec007}
---------------------------------------------------------------------

The pig farm workers provided 221 samples of a possible 240 ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). Of these, 87% (192/221) of the samples resulted in growth of presumptive MRSA colonies on Brilliance MRSA 2 agar. PCR analysis showed that all 221 isolates belonged to LA-MRSA CC398. The MRSA status in 76 pairs of samples collected from the same individual at the end of a workday and the following morning were compared to evaluate intranasal survival outside the farm environment. MRSA was detected in 86% (65/76) and 87% (66/76) of samples collected at the end of a workday and the following morning, respectively. The median count of MRSA in the 65 individuals who were MRSA-positive at the end of a workday was 16,000 CFUs per swab (range, 10--11,900,000) at the end of the workday and 9,800 CFUs per swab (range, 0--3,000,000) the following morning, corresponding to a median decrease of 1,000 CFUs in each individual (*P* = 0.0111 by Wilcoxon matched-pairs signed rank test). We did not attempt to evaluate changes in MRSA status and amount of MRSA in nasal swabs collected from the same individual at the end of a workday and ≥24 hours after a workday because of small sample sizes. It should be noted, however, that some pig farm workers (e.g., subjects 11, 14, and 16) carried high numbers of MRSA in samples collected up to five days after their last workday ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). In contrast, two pig farm workers (subjects 8 and 12) were almost always negative for MRSA ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). Samples from four pig farm workers (subjects 8, 11, 12, and 16), including the two who were mostly negative for MRSA (subjects 8 and 12), yielded much higher bacterial counts on SaSelect agar than on Brilliance MRSA 2 agar, both at work and at home, which suggests that they may harbor higher loads of methicillin-susceptible *S*. *aureus* (MSSA) than MRSA ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). PCR analysis of 148 presumptive *S*. *aureus* isolates growing on SaSelect agar confirmed that the four pig farm workers predominantly carried MSSA ([Table 3](#pone.0232456.t003){ref-type="table"}). The results furthermore showed that all 108 MSSA isolates from three of the pig farm workers (subjects 11, 12, and 16) belonged to CC398, suggesting that they originate from the pig farm environment. In contrast, all 40 MSSA isolates from the remaining pig farm worker (subject 8) did not belong to CC398, and their origin therefore remains unclear.

10.1371/journal.pone.0232456.t003

###### PCR analysis of 148 presumptive *S*. *aureus* isolates from selected pig farm workers following growth on SaSelect agar.

![](pone.0232456.t003){#pone.0232456.t003g}

  Pig farm worker   Sampling moment    No. of presumptive *S*. *aureus* isolates   No. of *S*. *aureus* colonies   
  ----------------- ------------------ ------------------------------------------- ------------------------------- ---
  8                 Monday morning     10                                          10                              0
  8                 Monday afternoon   10                                          10                              0
  8                 Friday afternoon   10                                          10                              0
  8                 Sunday morning     10                                          10                              0
  11                Monday morning     10                                          10                              0
  11                Monday afternoon   10                                          10                              0
  11                Monday morning     10                                          10                              0
  12                Monday morning     8                                           8                               0
  12                Monday afternoon   10                                          10                              0
  12                Friday afternoon   10                                          10                              0
  12                Monday morning     10                                          10                              0
  16                Monday morning     10                                          8                               2
  16                Monday afternoon   10                                          8                               2
  16                Friday afternoon   10                                          10                              0
  16                Monday morning     10                                          10                              0
  Total                                148                                         144                             4

These results confirm that most pig farm workers carry high loads of LA-MRSA CC398 outside the farm environment, sometimes for several days as documented previously \[[@pone.0232456.ref014]\]. In contrast to pig farm workers, Angen et al. have shown that MRSA carriage among short-term visitors is transient \[[@pone.0232456.ref018]\]. In that study, 94% of the short-term visitors acquired MRSA during the visit, but the median MRSA count was only 55 CFUs in nasal swabs collected immediately after the visit, decreasing to zero CFUs in nasal swabs collected two hours later \[[@pone.0232456.ref018]\]. The observed differences in the duration and level of MRSA carriage are important as they are both likely to play a critical role in the transmission of LA-MRSA CC398 to humans outside the farm environment. Interestingly, two pig farm workers carried predominantly MSSA during the entire study period. Previous studies suggest that MSSA carriage may have a protective effect against MRSA acquisition in healthcare settings \[[@pone.0232456.ref030]--[@pone.0232456.ref032]\], and it is possible that a similar correlation exists in the pig farm environment. On the other hand, a study from the Netherlands showed that patients who carry MSSA at hospital admission are more likely to acquire exogenous *S*. *aureus* strains during their hospital stay \[[@pone.0232456.ref033]\].

Nasal bacterial community composition in pigs, short-term visitors, and pig farm workers {#sec008}
----------------------------------------------------------------------------------------

We characterized the microbiota in 48 nasal swabs collected from eight short-term visitors two hours before, immediately after, and 48 hours after their two visits to a LA-MRSA CC398-positive pig farm as well as in four nasal and four skin swabs collected from four individual pigs in the same farm \[[@pone.0232456.ref018]\]. In addition, 64 nasal swabs collected from 16 pig farm workers on four different farms were included in the analysis ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). This produced a dataset consisting of 11,273 reads per sample and a total of 3,419 unique OTUs.

The nasal bacterial communities were grouped according to community composition ([Fig 1](#pone.0232456.g001){ref-type="fig"}). The analysis revealed five major CSTs, referred to as CST1, CST2, CST3, CST4, and CST5, which contained 812, 1,788, 848, 1,733, and 2,683 OTUs, respectively. There were no significant differences between Shannon diversity indices of the communities ([Fig 1](#pone.0232456.g001){ref-type="fig"}). The nasal and skin bacterial communities of pigs belonged to either CST1 (*n* = 1) or CST2 (*n* = 7), which were dominated by the genera *Pseudomonas* (54% of the community) and *Acinetobacter* (37% of the community), respectively. Interestingly, CST1 and CST2 had low proportions of *S*. *aureus* (\<0.5% of each community). The widespread distribution and abundance of *Pseudomonas* and *Acinetobacter*, which both belong to the order Pseudomonadales, as well as the low abundance of *S*. *aureus*, is reminiscent of previously published studies of the microbial diversity in the pig nose \[[@pone.0232456.ref034]--[@pone.0232456.ref039]\]. In contrast, CST3, CST4, and CST5 were dominated by the genera *Moraxella* (44% of the community), *Corynebacterium* (30% of the community), and *Staphylococcus* (40% of the community), respectively, which are known members of nasal bacterial communities present in the general human population \[[@pone.0232456.ref005],[@pone.0232456.ref040]--[@pone.0232456.ref042]\].

![Bacterial community composition in pigs, short-term visitors, and pig farm workers.\
The heatmap shows log~e~-transformed proportions of operational taxon units (OTUs) found in samples from pigs, short-term visitors, and pig farm workers. Hierarchical clustering of both samples and OTUs and Shannon diversity indices calculated for each sample are shown. Row Z-score = (value---row mean)/row standard deviation.](pone.0232456.g001){#pone.0232456.g001}

Exposure to the pig farm environment causes a temporary change in the nasal microbiome of short-term visitors {#sec009}
-------------------------------------------------------------------------------------------------------------

CST1 and CST2 were present at higher frequencies in samples collected from short-term visitors immediately after their visits to the pig farm than in samples collected two hours before or 48 hours after the visits (88% \[14/16\] vs. 13% \[2/16\] vs. 25% \[4/16\]; *P* ≤ 0.001 by Fisher's exact test). It follows that CST3, CST4, and CST5 were identified in most of the nasal swabs collected two hours before and 48 hours after each visit ([Fig 2](#pone.0232456.g002){ref-type="fig"}). Similarly, all 16 samples collected immediately after the visits were previously shown to be positive for MRSA, whereas all 32 samples collected two hours before or 48 hours after the visits were MRSA-negative \[[@pone.0232456.ref018]\]. Together, these findings show that brief exposure to the pig farm environment results in a rapidly reversible change in the nasal bacterial community composition.

![Bacterial community composition in short-term visitors.\
Community state types (CSTs) were determined in samples collected from volunteers two hours before, immediately after, and 48 hours after their two visits to a LA-MRSA CC398-positive pig farm.](pone.0232456.g002){#pone.0232456.g002}

Pig farm workers carry farm-origin bacteria at home {#sec010}
---------------------------------------------------

The analysis of the microbiota in 64 nasal swabs collected from pig farm workers revealed highly heterogeneous patterns of variation in bacterial community composition and relative abundances of bacterial taxa between individuals and within the same individual ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}). CST1 and CST2 were present at higher frequencies in samples collected from pig farm workers at the end of a workday than in samples collected at home (43% \[6/14\] vs. 22% \[11/50\]), although the observed difference was not statistically significant by Fisher's exact test. In addition, there were no statistically significant associations between nasal bacterial community composition at the CST level and the MRSA status in the 64 nasal swabs (*P* \> 0.05 by Fisher's exact test) ([Table 4](#pone.0232456.t004){ref-type="table"}). The former finding is in line with previous studies showing that exposure to the pig farm environment affects the nasal microbiome of pig farm workers at work \[[@pone.0232456.ref038],[@pone.0232456.ref039]\]. Interestingly, CST2 was present in some pig farm workers (e.g., subjects 1, 6, 14, and 16) up to four days after their last workday ([S1 Fig](#pone.0232456.s001){ref-type="supplementary-material"}), supporting that they may carry these bacteria for long periods and thus serve as a hub for the spread of pathogens from the pig farm environment to other animals and farms as well as to their households and the general population.

10.1371/journal.pone.0232456.t004

###### LA-MRSA CC398 carriage vs. community state type among pig farm workers.

![](pone.0232456.t004){#pone.0232456.t004g}

  Community state type   LA-MRSA CC398 status   
  ---------------------- ---------------------- ---
  1                      4                      1
  2                      11                     1
  3                      2                      2
  4                      11                     4
  5                      26                     2

Strengths and weaknesses of the study {#sec011}
-------------------------------------

The longitudinal study design was chosen to reduce potential biases associated with the high degree of interpersonal variability in terms of nasal bacterial community composition \[[@pone.0232456.ref043]\]. The study also has some limitations. First, the study included a limited number of participants and pig farms. Therefore, the results may not be generalizable to all pig farms or to other pig farm workers and visitors. Second, participants collected their own nasal swabs, which raises the possibility of contamination by airborne bacteria and bacteria located on skin surfaces surrounding the nostrils. Third, all the pig samples originated from a single farm visited by the volunteers, and we may therefore have underestimated the microbial diversity in the Danish pig production system. However, we did not identify any additional CSTs among the pig farm workers from the other pig farms, which supports that CST1 and CST2 represent the bacterial communities of all the pig farms included in this study. Fourth, the observed differences between volunteers and pig farm workers should be interpreted with caution as they may have been exposed to varying amounts of LA-MRSA CC398 and other bacteria on the different pig farms. Fifth, the original composition of the nasal bacterial communities in the pig farm workers could not be determined as they had already been exposed to MRSA and other farm-origin bacteria in the period immediately before the start of the study. Sixth, most OTUs were classified at the genus level or above, which limited our ability to access bacterial community dynamics at the species level and associations between specific bacteria and the MRSA status. Future studies should therefore aim to increase the taxonomic resolution, for example through the use of culture-based methods \[[@pone.0232456.ref044]\], sequencing of the full 16S rRNA gene \[[@pone.0232456.ref045]\], or both.

Conclusions {#sec012}
===========

The present study shows that the nasal microbiome of pig farm workers contain farm-origin bacteria, including LA-MRSA CC398, both at work and at home. In contrast, short-term visitors are subject to a less dramatic and rapidly reversible change in the nasal bacterial community composition. These results suggest that pig farm workers are more likely to serve as a vehicle for LA-MRSA CC398 and perhaps other pathogens of human and veterinary importance than short-term visitors.

Supporting information {#sec013}
======================

###### Sampling moments and results for each pig farm worker.

Log~10~-transformed CFU counts of *Staphylococcus aureus* and methicillin-resistant *S*. *aureus* and distribution of community state types (CSTs) among pig farm workers are shown. The dashed line indicates the limit of CFU detection.

(TIF)

###### 

Click here for additional data file.
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